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ABSTRACT 
Bhargavi Golluru: The Feasibility and Impact of Implementing Anaerobic Ammonium     
Oxidation for Sidestream Nitrogen Removal from Dewatered Sludge 
Supernatant at the Mason Farm Wastewater Treatment Plant. 
(Under the direction of Michael D. Aitken) 
 
The Orange Water and Sewer Authority’s Mason Farm Wastewater Treatment Plant 
(WWTP) uses conventional nitrification to remove ammonium-nitrogen. The plant complies 
with its permit for total nitrogen discharge of 409,448 lbs/year. Starting in 2021 the limit will be 
reduced to 134,375 lbs /year, necessitating total nitrogen removal. One approach would be to 
remove nitrogen from the sidestreams resulting from sludge processing, such as dewatering 
supernatant. These sidestreams are combined with the mainstream influent of the WWTP, 
recirculating an estimated 15-20% of the nutrient load. Separate treatment of this nutrient-rich 
sidestream would significantly reduce the nitrogen load to the activated sludge system, 
ultimately reducing the energy and costs associated with mainstream nitrogen removal. To meet 
the future total nitrogen limitations, a sidestream nitrogen removal technology named 
ANITA
TM
Mox, which uses nitritation (oxidation of ammonium to nitrite) and anaerobic 
ammonium oxidation (anammox) processes, is proposed. Preliminary engineering design, costs 
and implementation methods are presented. 
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INTRODUCTION 
Background 
The Orange Water and Sewer Authority (OWASA) is a public, non-profit agency that 
provides water, sewer, and reclaimed water services to the Chapel Hill-Carrboro community.  
The domestic sewage collected through a series of pipes and pump stations is treated at the 
Mason Farm Wastewater Treatment Plant (WWTP) located in Chapel Hill, North Carolina.  The 
Mason Farm WWTP has a capacity of treating 14.5 million gallons a day (MGD) and treats an 
average of 8 MGD (owasa.org).  This plant uses physical, chemical and biological processes to 
remove the suspended solids, nutrients (nitrogen and phosphorus), organic matter, and 
pathogenic bacteria before releasing it to Morgan Creek.   
 
Figure 1. Mason Farm Wastewater Treatment Plant in Chapel Hill, NC (owasa.org) 
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Mason Farm WWTP Treatment Process  
Once the wastewater enters the headworks of the plant, it flows through the bar screens 
and the grit chambers where large debris and sand are removed.  The influent wastewater then 
enters the primary clarifiers where heavier solids are allowed to settle to the bottom of the 
sedimentation tank while the lighter solids float on top.  Primary clarification reduces the 
biochemical oxygen demand (BOD) of the incoming wastewater by 20-30% and total suspended 
solids by 50-60% (owasa.org).  
The next step in the treatment process involves a biological unit process known as 
activated sludge.  In this process, the effluent from the primary clarifiers flows through aeration 
basins which allows the microorganisms in the wastewater to consume oxygen and 
biodegradable organic matter as food and convert it to carbon dioxide, water and energy required 
for their growth and reproduction.  Activated sludge therefore reduces the amount of organic 
pollutants and nutrients from the waste stream.  
Following the removal of the majority of total suspended solids, nutrients, and organic 
matter the effluent flows through secondary clarifiers.  In secondary clarification, the 
microorganisms from the activated sludge along with the solids that escaped in the primary 
clarification processes settle.   The settled solids are recirculated to the activated sludge basins, 
thus allowing a higher residence time for the microorganisms.  For the final step in the treatment 
process, the treated water goes through sand filters where remaining suspended particles are 
removed, then ultimately undergoes ultraviolet (UV) disinfection where pathogenic organisms 
are killed.  The treated effluent is then released to Morgan Creek. Figure 2 is a schematic of the 
processes that occur at OWASA’s Mason Farm WWTP. 
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Figure 2. Mason Farm Wastewater Treatment Process (owasa.org) 
The following table represents the current quality standards required by the effluent discharge 
permit for the wastewater at the Mason Farm WWTP. 
Table 1. OWASA Treatment Standards (owasa.org) 
Pollutant Limit or Range OWASA Average 
Phosphorus (yearly maximum) 101,88 lbs. 4,388 lbs. 
Nitrogen (yearly maximum) 409,448 lbs. 119,900 lbs. 
Ammonia (Summer) 1 PPM < 0.10 PPM 
Ammonia (Winter) 2 PPM 0.33 PPM 
Dissolved Oxygen (DO) (minimum) 6 PPM 8.7 PPM 
pH 6-9 6.8-7.4 
Fecal Coliform Bacteria, (maximum) 200 CFU/100 mL 2 CFU/100 mL 
 
Biosolids Handling at OWASA 
The major unit processes used to handle the solids from both primary and secondary 
clarifiers at OWASA are primary sludge fermentation, gravity belt thickening and anaerobic 
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digestion.   In primary sludge fermentation, the primary sludge is pumped through a grinder into 
a fermenter where it is fermented under anaerobic conditions to form volatile fatty acids (VFA).  
The fermented sludge along with the waste activated sludge (WAS) is then sent to three gravity 
belt thickeners that separate some of the water from the solids, and the liquid supernatant from 
thickening is returned to the aeration basins for biological treatment.  Thickening reduces the 
amount of water transferred with the sludge into the anaerobic digesters.  
The thickened sludge is pumped to the anaerobic digesters where the biodegradable 
material is broken down by microorganisms at temperatures as high as 60
o
C for stabilization, the 
effluent from which represents biosolids.  Mason Farm WWTP has four anaerobic digesters 
which produce an estimated 4 dry tons of biosolids each day (owasa.org).  The soluble total 
nitrogen (TN), primarily in the form of ammonium (NH4
+
-N), and total phosphorus (TP) in the 
form of soluble orthophosphate (PO4-P) are released during the the breakdown of volatile 
suspended solids in the fermentation and anaerobic digestion processes.  Since the biosolids are 
rich in nutrients, until recently OWASA recycled more than 50% of these liquid biosolids as 
fertilizer for agricultural land application purposes.  The digested biosolids are stored in storage 
tanks and are later trucked to Chatham County in North Carolina for land application.  The 
remaining biosolids are dewatered using a rotary belt press.  The dewatered sludge is sent to a 
composting facility called McGill Environmental (owasa.org).  The nutrient-rich dewatered 
filtrate is called a “sidestream” and is returned to the plant influent for further treatment 
ultimately increasing the nutrient load to the activated sludge system. 
Starting in 2016, OWASA officials decided to recycle 75% of their digested biosolids 
and dewater the remaining 25% of the biosolids.  To accommodate this change in biosolids 
management, the digested liquid biosolids are sent to the two storage tanks for subsequent 
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agricultural land application only during the months of April through October (owasa.org). The 
remaining 25% of liquid biosolids produced annually are dewatered using a rotary belt press. 
Dewatering at OWASA occurs only in the winter months (November through March); the belt 
press is operated for 18-22 hours a day and 6 days a week at the Mason Farm WWTP.  Figure 2 
describes the process schematic for the recycling months and Figure 3 is a process schematic for 
dewatering months.  
 
Figure 3. Biosolids treatment process schematic during non-dewatering months 
 
Figure 4. Biosolids process schematic during dewatering months 
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Recycling the dewatered filtrate to the plant results in returning 15-20% of the nitrogen 
load back into the plant (Fux 2004).  This costs the plant energy and chemicals to retreat the high 
ammonium loads.  This report will discuss in detail the alternatives to remove nitrogen from 
dewatered sludge supernatant using a sidestream treatment process. 
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LITERATURE REVIEW 
Conventional WWTP Nitrogen Removal Processes 
Traditional wastewater treatment plants that are required to remove total nitrogen from 
the wastewater typically use nitrification and denitrification processes in the activated sludge 
system.  These biological processes use both autotrophic and heterotrophic microorganisms to 
convert ammonium to nitrogen gas in aerobic and anoxic conditions.  
Nitrification 
Nitrification is the oxidation of ammonium to nitrate.   The inorganic nitrogen found in 
the form of ammonium (NH4
+
-N) is biologically oxidized using ammonium-oxidizing bacteria 
(AOB) to form nitrite.  The nitrite is oxidized to nitrate using nitrite-oxidizing bacteria (NOB).  
The following chemical reactions constitute the nitrification process (Tchobanoglous et 
al.,2013).  Reaction (3) shows the net nitrification reaction.  
NH4
+
 +1.5 O2  NO2
- 
+ 2H
+
+ H2O                  (1) 
NO2
-
 + O2       NO3
-   
                    (2) 
                                    NH4 + 2O2     NO3
- 
+ 2H
+ 
+ H2O                              (3) 
Nitrification is an aerobic process and occurs in the aeration basins.  Because ammonium 
oxidation produces acid (reaction 1), an external source of alkalinity usually is supplemented to 
provide optimal pH for nitrification (Tchobanoglous et al., 2013).  
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Denitrification 
Municipal wastewater treatment plants use a combination of nitrification and 
denitrification to remove total nitrogen from their systems.  Denitrification is the reduction of 
nitrate (NO3
-
) to nitrogen gas (N2), using organic matter as the reductant (electron donor), in the 
absence of oxygen.  Organic matter is obtained from the wastewater itself (in the primary 
effluent or by the decay of microorganisms in the biological treatment system), or is externally 
supplied in the form of organic carbon such as methanol or acetate (Staunton 2014). The 
following reaction represents the reduction of NO3
-
 to N2.  
NO3
−
 + organic matter (electron donor) →  oxidized electron donor + N2 (g) (4) 
The level to which nitrogen removal occurs depends on the effluent standards each 
wastewater treatment plant has to meet.  OWASA presently uses nitrification in the activated 
sludge system to biologically oxidize the inorganic nitrogen found in the form of ammonium 
(NH4
+
N) to nitrate.  Since OWASA’s Mason Farm WWTP is in compliance with the current 
Environment Protection Agency (EPA) effluent standards for total nitrogen limits, denitrification 
to convert the nitrate to nitrogen does not take place.  However, the activated sludge system and 
the tertiary filters can be run in denitrification mode to remove total nitrogen if required.  
Anaerobic Ammonium Oxidation 
ANaerobic AMMonium Oxidation (ANAMMOX) is a newly discovered natural 
biotechnological process in which the bacteria involved oxidize ammonium (the electron donor) 
with nitrite (the electron acceptor) to form nitrogen gas.  The anammox process occurs in the 
absence of oxygen using anammox bacteria.  
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Anammox Biology 
The role of anammox bacteria in the biogeochemical nitrogen cycle has been newly 
recognized.  These microbes are a member of the Planctomycetes and belong to the order 
Brocadiales (Jetten 2009).  The formation of hydrazine, a very reactive and toxic compound in 
the center cell compartment of the “anammoxosome” (a membrane bound region within the 
anammox bacteria) is responsible for the conversion of nitrogen (Jetten 2009).  The ammonium 
combined with nitrite results in the formation of hydrazine which ultimately is oxidized to form 
nitrogen gas. 
Biological Nitritation/Anammox Process 
When the primary nitrogen species in wastewater is ammonium, nitrogen removal 
involving anammox, also known as de-ammonification, comprises two main steps.  Firstly, 
ammonium is partially converted to nitrite under aerobic conditions, followed by the anaerobic 
oxidation of ammonium by nitrite to form nitrogen gas using anammox (AMX).  Partial 
oxidation of ammonium to nitrite, rather than complete oxidation to nitrate, is referred to as 
“nitritation.” This reaction process can be seen in the following theoretical reaction equations 
(Williams et al.,2012). 
0.5 NH4
+
 + 0.75 O2  0.5 NO2
- 
+ H
+
+ 0.5 H2O               (5) 
0.5 NH4
+
 + 0.5 NO2
-
  0.5 N2 + H2O       (6) 
When starting with ammonium as the primary nitrogen species, as noted above a little 
over half of the ammonium must be oxidized to nitrite in order for anammox to occur.  
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Therefore, reaction (5) must be coupled to reaction (6).  When beginning with one mole of 
ammonium, the overall reaction is: 
     NH4
+
 + 0.75 O2  0.5 N2 + 1.5 H2O + H
+
   (7) 
Figure 5 depicts the process pathway of partial nitrification and anammox 
(deammonification). 
 
Figure 5. Nitrogen transformation pathways, including anammox (Staunton 2014) 
The deammonification process requires higher temperatures since the optimal 
temperatures for anammox bacteria growth range from 30-35
o
C (Tchobanoglous et al., 2013).  
Since anammox is a fairly new process, technologies to successfully implement anammox at low 
temperatures have yet to be developed.  
The anammox process has significant advantages over conventional biological 
nitrification/denitrification.  Anammox bacteria are typically viewed as autotrophic, meaning no 
external carbon source is required for this process (Staunton 2014).  In addition, the amount of 
aeration energy required is considerably less in contrast to the energy needed for a conventional 
nitrogen removal process.  Comparing equation 3 and equation 7, it is evident that the 
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nitritation/anammox process requires less oxygen and external alkalinity to convert ammonium 
to nitrogen gas.  
Complete nitrification          : NH4 + 2O2      NO3
- 
+ 2H
+ 
+ H2O 
Nitritation/Anammox           : NH4
+
 + 0.75 O2  0.5 N2 + 1.5 H2O + H
+ 
By using deammonification, plants can theoretically observe up to 62.5% oxygen savings 
and 100% electron donor savings compared to conventional nitrification/denitrification (Khunjar 
et al. 2013).  However, some of the disadvantages associated with this process involve 
operational problems due to low specific growth rate and the incomplete removal of nitrogen due 
to formation of nitrate.  The following empirical stoichiometry has been reported for the 
deammonification process (Huang et al. 2011).   
NH4
+ + 1.32 NO2
- + 0.066 HCO3
- + 0.13 H+→1.02 N2 + 0.26 NO3
- + 0.06 CH2O0.5N0.15 + 2.03 
H2O                                (8) 
Sidestream Nutrient Removal 
The sidestreams resulting from sludge and biosolids processing, such as dewatered sludge 
supernatant, are generally pumped back to be treated with the influent mainstream of the 
wastewater treatment plant.  An estimated 15-20% of the nutrient load is recirculated back to the 
head of the plant via this dewatered supernatant (Fux 2004).  A separate treatment of this 
nutrient-rich sidestream would significantly reduce the nutrient load to the activated sludge 
system, ultimately reducing the energy and costs associated with re-treating the nutrients in the 
mainstream.  In order to comply with the stringent nutrient removal limitations by the 
Environmental Protection Agency (EPA) and state regulatory agencies, utilities throughout the 
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world are moving towards implementing innovative sidestream treatment processes to reduce the 
recycled nutrient load to the plant. 
In recent years, various biological and physico-chemical processes have been developed 
for sidestream nutrient removal.  Figure 6 displays the different sludge liquor sidestream 
treatment processes available for both nitrogen and phosphorus removal.  
 
Figure 6. Sludge Liquor Treatment Options (Bilyk et al., 2011) 
All of the biological treatment processes, and the physico-chemical processes of 
ammonia stripping and breakpoint chlorination, are mainly targeted for efficient nitrogen 
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removal (Bilyk et al., 2011).  The purpose of this report is to focus on sidestream nitrogen 
removal by de-ammonification.  
De-ammonification for Sidestreams 
The characteristics of a sidestream are dependent on the process from which the 
sidestream is derived and the process operating conditions (Tchobanoglous et al.,2013). There 
are several different process configurations designed for sidestream deammonification that use 
nitritation and anammox.  Some of these processes are ANITA
TM
Mox Moving-Bed Biofilm 
Reactor (MBBR) process, DeAmmon® MBBR process, DEMON® suspended growth 
Sequencing Batch Reactor (SBR), rotating biological contactors, and single stage ANAMMOX® 
process.  These processes use different kinds of reactors and methods to treat sidestreams for 
nitrogen removal (Tchobanoglous et al.,2013).  These configurations are discussed in detail in 
the deammonification technology alternatives section.  
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PROBLEM STATEMENT 
The Mason Farm WWTP is permitted under the National Pollutant Discharge 
Elimination System (NPDES) Permit number NC0025241.  It is currently fully compliant and 
60% below (106,855 lbs/year) the total N load allocation of 409,448 lbs/year (owasa.org).  
However, starting in 2021, the nitrogen allocation will be reduced to 134,375 lbs/year.  
OWASA plans to dewater approximately 25% of its biosolids for composting and use the 
remaining 75% of the liquid biosolids for land application purposes; the nutrient rich sidestream 
from dewatering is returned to the plant influent increasing the nutrient load to the activated 
sludge system.  The sidestream typically contributes between 10%-20% of the nutrient load to 
the liquid stream process (owasa.org).  
In order to manage the excessive nutrient load and to comply with future TN removal 
limitations, a sidestream deammonification treatment system has been proposed.  Dewatering 
occurs during the winter months (November to March) at the Mason Farm WWTP.  
Implementing anammox with four months of dewatering filtrate is a challenge in that keeping the 
anammox bacteria active for the remaining eight months would only be possible with an 
unusually large equalization tank.  A large equalization tank requires a large footprint and is not 
an economically reasonable option. 
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This report discusses the feasibility of implementing the sidestream deammonification for 
the four-month filtrate at Mason Farm WWTP.  In addition, a sidestream technology is proposed 
along with the preliminary design, costs and implementation methods. 
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DEAMMONIFICATION TECHNOLOGY ALTERNATIVES 
The deammonification technologies have different configurations depending on the types 
of reactors, number of stages, methods of growing and retaining anammox bacteria, and control 
strategies.  The three main variations include granular sludge reactors, suspended growth 
sequencing batch reactors (SBR), and continuous flow moving bed biofilm reactors (MBBR) 
(Bilyk et al. 2011).  
The SBR mechanism includes cycles of feeding, aeration, mixing, settling and draw-
down periods that all occur in one reactor.  Since the reactions are all in one reactor, this process 
requires a smaller footprint than continuous-flow reactors with external clarifiers.  However, the 
multiple cycles of this process might require more operator attention and continuous monitoring 
of the cycles.  DEMON® and Cleargreen
TM
 are the commercially available processes that use a 
suspended growth SBR (Chesapeake.org).  
The single-stage granular sludge process occurs in a single tall, narrow tank that 
facilitates the growth of granular sludge.  Research suggests that anammox bacteria growth 
occurs better in granules than in suspended-growth flocs.  However, since most plant operators 
are unfamiliar with how to cultivate granules, this configuration can be challenging to implement 
(Bilyk et al. 2011).  
A continuous-flow process requires a fixed film to harbor biofilm and can be confined to 
take place in a single reactor.  This reactor needs to be aerated to keep the biofilm carriers in 
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suspension, using more energy for mixing than SBR or granular sludge reactors.  ANITA
TM
Mox 
MBBR is one of the flow-through processes available (Bilyk et al. 2011). 
Deammonification nutrient removal processes for sidestream treatment have been well 
developed in Europe since 2004 but are fairly new in North America.  The implementation of 
DEMON® and ANITA
TM
MOX MBBR at the Hampton Roads Sanitation District (HRSD) York 
River WWTP in 2012 and James River WWTP in 2013 are the first operating ones in North 
America.   As of 2015, there are four plants in the US that use full-scale operating DEMON® 
process and two plants with ANITA
TM
Mox MBBR (Chesapeake.org). Cleargreen
TM
 is a newly 
developed suspended growth SBR process technology by Degremont. There are currently two 
full scale Cleargreen
TM
 operations in Spain (Bowden et al 2015). Since there are no full scale 
implementations of Cleargreen
TM
 process in the United States, for the purpose of this report, this 
technology will not be considered. Because DEMON® and ANITA
TM
Mox MBBR are the 
emerging configurations in the US, these technology alternatives are discussed in detail.  
DEMON® Sequencing Batch Reactor 
DEMON® is a single-stage nitritation/anammox process developed and patented by the 
University of Innsbruck in Austria.  This process has since been implemented in over 20 plants 
in Europe since 2004 (Chesapeake.org).  It is newly introduced in North America by World 
Water Works Inc., with currently four full-scale installations in operation in the United States.  
The DEMON® sequencing batch reactor is operated by controlling the feed rate, pH or 
time-based aeration to provide aerobic periods for partial conversion of ammonium to nitrite and 
anoxic periods for the anammox reaction (Tchobanoglous et al.,2013).  A biomass separation 
device known as a hydrocyclone is used to control the solids retention time (SRT) of ammonia 
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oxidizing bacteria (AOB) and AMX bacterial populations and to waste the nitrite oxidizing 
bacteria (NOB) from the system (Nifong et al. 2013).  The hydrocyclone separates and retains 
the granular anammox biomass from the floc-forming bacteria.  Figures 7 and 8 represent the 
anammox granules and the hydrocyclone used for this process respectively.  
 
Figure 7. Anammox granules (worldwaterworks.com) 
 
 
Figure 8. Hydrocyclone at HRSD (worldwaterworks.com) 
Effective control of the feed rate, pH and the dissolved oxygen (DO) concentration is key 
to efficient nitrogen removal from the sludge liquor using DEMON® process.  Low DO levels in 
the range of 0.2-0.5mg/L are maintained to prevent excess nitrite production and to inhibit the 
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growth of NOB that converts nitrite(NO2
-
) into nitrate (NO3
-
) (Neethling et al. 2014).  When the 
NO3
-
 produced per ammonium removed surpasses 12-15%, the hydrocyclone runtime is 
increased to decrease the floc SRT and NOB is wasted from the system (Klaus et al. 2015).  
Aeration and anoxic cycle times are controlled to maintain a pH of 7.0 in the reactor.  Aeration 
decreases the pH (because ammonium oxidation produces hydrogen ions; see equation 1) while 
anaerobic conditions increase the pH.  Therefore, aeration is initiated at a higher pH and is 
stopped when the low pH set point is attained.  This process does not require any addition of 
external carbon source (Wett el al, 2007).  Due to the low growth rates of the anammox bacteria, 
temperatures above 25
o
C should be maintained in the system at all times.  The typical SBR cycle 
time ranges from 6-8 hours, with multiple mini-cycles of one hour consisting of sequenced 
aeration, feeding and mixing (Klaus et al. 2015).  In addition, this system provides the ability to 
turn off for 1-3 days (worldwaterworks.com) when the sidestream is not produced (for example, 
when dewatering does not occur). 
Implementation of DEMON® SBR technology requires sidestream feed pumps, 
submersible mixer, blowers, cyclone feed pumps, and sensors to monitor pH, DO, and 
temperature in the reactor and the SBR decanter, all of which can be controlled through 
automated programmable logic controllers (PLC).  This treatment system achieves up to 90% 
ammonium removal and 80-90% of total nitrogen removal from the sidestreams 
(worldwaterworks.com).  
ANITA
TM
Mox Moving Bed Biofilm Reactor (MBBR) 
Another single-stage deammonification process that has been implemented in the United 
States is called ANITA
TM
Mox MBBR.  The first ANITA Mox plant started in 2010 at Sjolunda 
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WWTP in Malmo, Sweden. Kruger Inc., a Veolia Water Solutions & Technologies company, has 
two full-scale installations in the United States as of 2015.  ANITA
TM
Mox was implemented and 
operating starting in 2013 in HRSD and in 2015 at the South Durham (North Carolina) Water 
Reclamation Facility (SDWRF) (Bilyk et.al., 2011).  
ANITA
TM
Mox MBBR is a two-step, continuous-flow process in which the biomass used 
to treat the wastewater is attached to the surface of the carrier elements.  This process uses 
AnoxKaldnes plastic (polyethylene) media carriers with a slightly lower density than water.  The 
biofilm comprises an outer layer of AOB, where ideally 55% of the influent ammonium is 
oxidized, and an inner layer of anammox biofilm used for anaerobic ammonium oxidation to 
convert ammonium to nitrogen gas (krugerusa.com).  These anammox and AOB layers are 
depicted in Figure 9 and AnoxKaldnes K5 media used in this configuration can be seen is Figure 
10.  
 
Figure 9. Biofilm layers of ANITATMMox (krugerusa.com) 
  21 
 
Figure 10. AnoxKaldnes K5 Media (krugerusa.com) 
Nitritation and deammonification occur in a single, continuously aerated reactor, making 
DO control (0.5-1.5 mg/L) a key component of this process.  This low DO levels will ensure 
anoxic conditions for deammonification. A patented method that uses the ratio of influent and 
effluent ammonium concentrations, as well as nitrate production, is used to control the DO 
(Nifon et al., 2013).  pH should be monitored to achieve maximum ammonium removal and to 
limit the growth of NOB.  If the effluent nitrate concentration increases, the airflow is decreased 
until the nitrate production ratio is less than 12-15% of NO3 produced/NH4
+
 removed.  The 
temperatures between 25-30 
o
C in the reactor provide the most favorable conditions for the 
process (krugerusa.com).  The treatment method does not require any external carbon source. 
Since there is no wasting step in this continuous flow system, one of the advantages of this 
process is that it is resistant to biomass washout (Bilyk et al. 2011).  
An air-lift pump, AnoxKaldnes media, mechanical mixers, bubble aeration system, 
blowers, sidestream feed pump, sensory probes for DO, pH and temperature control are the main 
requirements to implement ANITA
TM
MOX MBBR.  This technology is more efficient if the 
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influent flow is equalized.  The system can achieve ammonium removals of up to 80-90% and 
total nitrogen removals of up to 75-85% (Chesapeake.org). 
Deammonification Technology for OWASA 
Dewatering at OWASA occurs only in the winter months; the belt press is operated for 
18-22 hours a day and 6 days a week at the Mason Farm WWTP from November to March.  
Alternative approaches to a practical implementation of sidestream treatment with four to five 
months of dewatered filtrate would be to transfer a sidestream from elsewhere to Mason Farm 
WWTP during the non-dewatering months or to transfer the anammox granules or media during 
the off-season to a nearby facility where deammonification sidestream treatment is currently in 
place and operating.  These alternatives will keep the anammox biomass viable and ensure an 
efficient operation of the sidestream technology. The following table provides a semi 
quantitative comparison of both the technologies from a performance standpoint 
(worldwaterworks.com, krugerusa.com).  
Table 2. Comparing ANITA
TM
 Mox and DEMON® Technologies 
Parameter  Units DEMON® ANITA
TM
Mox 
Ammonia Removal efficiencies range % 80 - 90 80 - 90 
Total Nitrogen removal % 80 - 90 75 - 85 
Power consumption kWh/kg N 1.16 1.45 - 1.75 
DO levels mg/L 0.2 - 0.5 0.5 - 1.5  
 
Comparing both DEMON® SBR and ANITA
TM
Mox processes, it is evident that both 
technologies have similar nitrogen removal efficiencies. Although DEMON® process can 
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operate in lower DO levels and consumes less power, this technology requires extra operation 
attention to handle the hydro-cyclone, ultimately leading to higher O&M costs. In addition, the 
closest operating facility with DEMON® sidestream treatment is HRSD in Virginia. 
Transferring the media to Virginia during the non-dewatering months would result in significant 
transportation costs.  
The South Durham Water Reclamation Facility (SDWRF), which is located only two 
miles away from the Mason Farm WWTP, has an existing ANITA
TM
Mox MBBR sidestream 
treatment technology in place. Due to the proximity of the SDWRF system and the similar 
nitrogen removal efficiencies when compared to DEMON®, ANITA
TM
Mox MBBR is proposed 
as the most suitable technology for implementing sidestream deammonification at the OWASA 
plant.  This is because of the possibility to collaborate with the SDWRF for media transfer 
during the non-dewatering periods in order to prevent the loss of viability of anammox bacteria.  
This will allow OWASA to implement a sustainable and cost-effective technology that will 
allow high nitrogen removal efficiencies. 
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PRELIMINARY ENGINEERING DESIGN 
ANITA
TM
Mox sidestream treatment technology is recommended for treating the 
dewatered filtrate at the Mason Farm WWTP.  Equalizing the sidestream volume would be 
required to assure steady flow conditions for the deammonification process.  In addition, 
equalization reduces the peak air demand in the biological process and will decrease the reactor 
volume (Tchobanoglous et al.,2013).  The Mason Farm WWTP daily belt press flow data during 
the operational months, from 2010 to 2015, were analyzed to compute the total equalization tank 
volume required for designing ANITA
TM
Mox sidestream treatment.  Equalization over an entire 
year is not feasible (see below for options during periods when dewatering is not conducted).  
Therefore, equalization is considered only during the period over which dewatering is conducted. 
Equalization Tank Design  
According to the plant operations supervisor, Ronnie Weed, approximately 2% of the 
digested sludge flow is comprised of solids.  Hence, 98% of the filtrate volume is used to 
calculate the total annual equalized sidestream volume generated to be 3.8 million gallons.  
Assuming dewatering occurs only 110 days throughout the year, the equalized sidestream flow is 
34,500 gallons per day (gpd).   Based on the historic data, the average sidestream flow generated 
is 35,150 gpd, and the maximum number of consecutive days without dewatering is 4 days.  
Therefore, a hydraulic retention time of 4 days is used to size the equalization tank that can 
contain a total volume of 100,500 gallons.  The formulae used for these calculations can be seen 
in Appendix II. 
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Table 3. Sidestream Volume for the Years 2010 to 2015 
Years Average Daily Volume 
(Gallons) 
Total Annual Equalized Volume 
(Million Gallons) 
2010 42,162 2.8 
2011 34,795 3.07 
2012 35,522 3.7 
2013 31,103 2.7 
2014 28,436 3.02 
2015 38,886 3.75 
 
Table 4. Equalization Design Parameters 
Parameter Units Value 
Average sidestream flow GPD
a
 35,150 
Hydraulic retention time Days 4 days 
Total equalization tank volume Gallons 100,500 
a
 Gallons per day 
The average temperature of the filtrate ranges between 30 – 35 o C.  Since the 
deammonification process requires temperatures in the same range, it is recommended that the 
equalization tank be insulated to accommodate the sidestream treatment process.  
ANITA
TM
Mox Design  
In addition to the flow data, the weekly carbonaceous oxygen demand (COD), total 
suspended solids (TSS) and ammonium-nitrogen (NH4-N) concentration loads for the dewatering 
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months in 2009-2010 and 2015-2016 were analyzed to determine the design parameters for the 
ANITA
TM
Mox reactors.  Table 4 shows the design criteria that was provided to Kruger, the 
manufacturer of AnoxKaldness K5 media to generate a budgetary proposal for ANITA
TM
Mox 
process to remove 80-85% ammonium and 75-80% of total nitrogen from the sidestream.  Data 
used to determine the values summarized in Table 5 are shown in Appendix IV.  
Table 5. Design Criteria for ANITATMMox Process 
Design Parameter Units Value 
Flow MGD
a
 0.0345 
BOD5
(b)
 concentration  mg/L 200 
COD concentration mg/L 1,000 
TSS concentration mg/L 700 
TKN concentration mg/L 1,074 
NH4
+
-N concentration mg/L 1,000 
Alkalinity, as CaCO3 mg/L 4,000 
Minimum Temperature 
o
C 30 
a
 million gallons per day 
b 
biological oxygen demand 
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PROCESS DESIGN AND IMPLEMENTATION 
I contacted Kruger Inc. (Cary, NC) to discuss process options for the OWASA owned 
Mason Farm WWTP and to obtain cost estimates for the options.  As dewatering occurs only 3-4 
months per year, special considerations were made to ensure the viability of the anammox 
biomass during the off-season (non-dewatering months).  Two MBBR ANITA
TM
Mox process 
trains are recommended by Kruger Inc. to achieve the desired nitrogen removal efficiencies.  In 
addition, Kruger Inc. provided two different design alternatives to implement ANITA
TM
Mox at 
OWASA.  
Alternative 1 
In this alternative, the ancillary equipment would be permanent while the tanks are 
designed using a skid mount so they can be transferred to a different location during the off-
season.  The transferred location would need necessary connection points in order to use the full 
system (tank and media).  To use the media in a different tank, an airlift pump will be needed to 
transport the media.  
Alternative 2 
The second alternative proposed by Kruger involves permanent tankage and ancillary 
equipment on-site at the Mason Farm WWTP.  The media would be transported to another 
location from Mason Farm WWTP in 3-4 trips using a “poly tank”.  An airlift pump or a basket 
would be required to transfer the media.  
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Figures 11 and 12 depict the equalization basin and the two process ANITA
TM
Mox trains 
of Alternative 1 and Alternative 2, respectively.  Table 5 indicates the design parameters 
proposed by Kruger for the process implementation at Mason Farm WWTP.  The full proposal 
by Kruger is in Appendix V.  
 
Figure 11. Alternative 1 “Mobile” system 
  
 
Figure 12. Alternative 2 “Stationary” system 
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Table 6. ANITA
TM
Mox Process Design Summary 
Parameter Units Alternative 1 Alternative 2 
Number of process trains - 2 2 
Dimensions (each) Feet 34 L
a
 x 8 W
b
 x 8 SWD
c
 15 L x 14 W x 11SWD 
Volume (each) Gallons 16,293 17,280 
Total volume (all reactors, all trains) Gallons 32,585 34,560 
Recommended freeboard (all reactors) Feet 2-3 
Media type    K5 
% volume occupied by media % 51 48 
Media volume (all reactors, all trains) Gallons 16,906 
Aeration system type  Medium Bubble 
Residual DO, Max month mg/L 1.5 
Total process air requirement SCFM 500 345 
Discharge pressure psi 3.0 5.0 
a 
Length 
b
 Width 
c 
Side Water Depth 
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COST ESTIMATE 
For the implementation of ANITA
TM
Mox sidestream technology at OWASA, 100,500 
gallons of equalization tank is required.  According to a conversation with Roger Haag from 
Wedotanks.com, LLC. (Sahuarita, Arizona), the estimated cost to build an insulated equalization 
tank for the specified volume is $175,000.  The budgetary proposal by Kruger estimates the 
capital costs for the ANITA
TM
Mox reactors.  These costs include the process, design 
engineering, field services and equipment supply.  The capital cost to install Alternative 1 is 
$1,262,000.  This alternative requires transporting the two reactor tanks to a different location 
every year.  Alternative 2, where the tankage equipment is permanent, is estimated to cost 
$718,000.  The equipment included in the cost estimates can be found in Appendix V.  
An alternative way to ensure compliance with the 2021 nitrogen requirements, is to use 
the existing denitrification filters at OWASA. The annual chemical costs for running the 
denitrification filters according to OWASA are estimated to be $500,000. The following table 
summarizes the cost of the existing system vs the total costs of implementing ANITA
TM
Mox.  
Table 7 . ANITA
TM
 Mox Sidestream Vs. Existing Denitrification System 
Technology  Capital Costs ($) Annual O&M Costs ($) 
ANITA
TM
 Mox Alternative 1 1,437,000 15,000 
ANITA
TM
Mox Alternative 2 893,000 15,000 
Existing Denitrification System  - 500,000 
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Given the annual O&M cost of the existing denitrification system, it appears that the payback 
period for the proposed ANITA
TM
Mox system would be relatively short. 
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IMPACT OF ANITA
TM
MOX AT MASON FARM WWTP 
The Mason Farm WWTP is permitted under the National Pollutant Discharge 
Elimination System (NPDES) Permit number NC0025241.  It is currently fully compliant and 
60% below (106,855 lbs/year) the total N load allocation of 409,448 lbs/year (owasa.org).  
However, starting in 2021, the nitrogen allocation will be reduced to 134,375 lbs/year.  Although 
OWASA has the capability to operate effluent filters in denitrification mode to discharge low N 
loads to meet the new limitations, it will involve additional chemical costs between $350,000 to 
$500,000 per year with no return of investment (owasa.org).  
Installing ANITA
TM
Mox at Mason Farm WWTP will result in lower ammonia and 
organic nitrogen levels recycled back to the head of the plant, ultimately saving energy and 
chemical costs during the dewatering months.  To further study the impact of this 
implementation, a modeling software such as BioWin 4.0 can be used for modeling different 
configurations of the sidestream and a life time cost analysis can be conducted to understand the 
economic impacts of implementing ANITA
TM
Mox MBBR at OWASA. 
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RECOMMENDATIONS 
An insulated equalization tank for the sidestream flow is recommended to maintain the 
temperature of the dewatered supernatant and to allow for steady flow conditions.  Alternative 2 
will be a more cost-effective option for OWASA since it is simpler to transfer just the media 
rather than moving both the reactor tanks during the off-season.  This alternative will require 
construction of permanent tanks at Mason Farm WWTP and the transport of AnoxKaldnes K5 
media using poly tanks.  The successful implementation of ANITA
TM
Mox sidestream treatment 
technology at the Mason Farm WWTP will require an inter-agency agreement between OWASA 
and South Durham Water Reclamation Facility (SDWRF).  This agreement will allow OWASA 
to transfer the AnoxKaldnes K5 media between OWASA and SDWRF depending on the 
dewatering schedule. The SDWRF would use the transferred media in their sidestream treatment 
process.  This transportation of media will assure that biomass on the media remains viable 
during the off-season, and efficient use of the biomass and media while dewatering.  
In conclusion, it is feasible to implement ANITA
TM
Mox sidestream treatment for 
nitrogen removal from dewatered sludge supernatant at Mason Farm WWTP considering South 
Durham Water Reclamation Facility (SDWRF) is willing to work with OWASA.  In this report, 
a preliminary engineering design and cost estimates were developed.  In addition, the potential 
energy and chemical cost savings of implementing sidestream treatment at OWASA were briefly 
discussed.  Overall, this sidestream Nitritation/Anammox technology appears to be a sustainable 
and economical investment for OWASA.  
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APPENDIX I: NPDES Permit NC0025241 
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APPENDIX II: Formulae 
1. Daily equalization volume = |daily volume – daily average volume| 
 
2. Annual equalization volume =  Daily equalization volume 
 
3. Daily equalized flow = Maximum annual equalization volume 
     # of dewatering days 
4. V = N. Qdw *(Ddw)* (Hdw) 
   7 * 24 
V = Equalization tank volume  
N = Maximum # of days without dewatering 
Qdw = Average sidestream volume generated 
Ddw = # of days per week sludge is dewatered 
Hdw = # of hours a day sludge is dewatered 
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APPENDIX III: OWASA Sidestream Volume Data 
Table 1. Average daily sidestream volume generated 
Year Daily Sidestream Volume Generated (Gallons) 
2010 42,162 
2011 34,794 
2012 35,523 
2013 31,103 
2014 28,436 
2015 38,886 
AVERAGE 35,151 
 
Table 2. Annual Equalization Volume 
Year Total Sidestream Volume (Gallons) 
2010 2,804,329 
2011 3,067,345 
2012 3,695,267 
2013 2,743,326 
2014 3,025,842 
2015 3,751,825 
MAXIMUM 3,751,825 
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APPENDIX IV: Dewatered Filtrate Loads and Concentrations 
Table 1. Raw filtrate concentrations and calculated loads 
Rotary Press Filtrate       
  Flow  NH3-N   TSS  COD 
Date  GPD   LPD   mg/L   kg/d   mg/L   kg/d   mg/L   kg/d  
10-Nov-09  25,588   96,850   907   88   1,570   152   1,071   104  
16-Nov-09  41,550   157,268   870   137   716   113   1,393   219  
23-Nov-09  43,023   162,840   920   150   2,310   376   1,043   170  
7-Dec-09  32,480   122,937   960   118   536   66   1,271   156  
14-Dec-09  41,872   158,485   920   146   770   122   1,147   182  
21-Dec-09  53,821   203,712   990   202   1,090   222   972   198  
28-Dec-09  47,794   180,901   1,780   322   1,670   302   1,278   231  
4-Jan-10  28,368   107,374   890   96   1,020   110   1,234   132  
5-Jan-15  42,355   160,312   16   2   54   9   -   -  
7-Jan-15  39,841   150,798   751   113   -     -     -   -  
12-Jan-15  43,447   164,448   880   145   376   62   -   -  
20-Jan-15  40,922   154,890   901   140   330   51   -   -  
26-Jan-15  37,250   140,993   816   115   310   44   -   -  
2-Feb-15  43,475   164,554   700   115   380   63   -   -  
9-Feb-15  32,314   122,310   992   121   740   91   -   -  
23-Feb-15  27,682   104,776   1,210   127   430   45   -   -  
9-Mar-15  41,401   156,702   971   152   740   116   -   -  
16-Mar-15  34,932   132,217   1,060   140   470   62   -   -  
23-Mar-15  32,291   122,220   965   118   880   108   -   -  
25-Mar-15  56,008   211,989   1,160   246  
 
 -     -   -  
30-Mar-15  49,867   188,747   1,090   206   400   75   -   -  
2-Nov-15  36,791   139,255   1,080   150   810   113   -   -  
9-Nov-15  40,221   152,238   933   142   1,320   201   -   -  
16-Nov-15  38,060   144,059   913   132   760   109   -   -  
7-Dec-15  8,652   32,748   1,080   35   63   2   -   -  
21-Dec-15  39,233   148,497   780   116   58   9   -   -  
28-Dec-15  37,647   142,495   847   121   91   13   -   -  
4-Jan-16  41,482   157,010   813   128   580   91   -   -  
11-Jan-16  37,855   143,282   798   114   300   43   -   -  
19-Jan-16  51,728   195,791   834   163   170   33   -   -  
         
AVERAGE   37,685   142,637   930   132   688   90   1,180   155  
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APPENDIX V: ANITA
TM
Mox Process and Budgetary Proposal 
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Submitted by:         Daniel Hurt 
Application Engineer 
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Water Technologies
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I. Kruger Inc. (a subsidiary of Veolia Water Technologies) is pleased to present this budgetary 
proposal for our ANITA™ Mox process for deammonification of the anaerobic digester rejection 
water at the Old Mason Farm Road WWTP in Orange County, NC. This design is based upon the 
information we have received from you. 
 
In order to achieve the expected removals as summarized in Table 2, we recommend two (2) 
ANITA Mox process trains. The tank dimensions along with other important process parameter 
are summarized in Table 3. The influent design criteria are summarized in Table 1. As discussed, 
Kruger recommends use of an equalization tank upstream of the ANITA Mox process to reduce 
the number of interruptions in flow to the process caused by the plant’s dewatering schedule. 
Kruger understands that this plant will dewater only 3-4 months out of the year. The ANITA Mox 
system cannot be taken offline that long without damaging the biological integrity. Therefore, 
special consideration has been given to making the design flexible. 
 
There are two (2) alternatives: 
 
Alternative 1: The tanks have been designed so that they can be transported to another facility 
during months when the plant is not dewatering. The ancillary equipment is assumed to be 
permanent to the OWASA site but theoretically this could be placed in a trailer as well so that the 
whole system could be transported elsewhere. Each location would then just need the necessary 
connection points. If the media were to be installed in another tank temporarily a basket or airlift 
pump would be necessary to transfer media. 
 
Alternative 2: The tanks and equipment are permanent. A poly tank could be used to transport 
media from one location to another in 3 - 4 trips. This would require a basket or airlift pump to 
transfer media. 
We appreciate the opportunity to provide this proposal to you. If you have any questions or need 
further information, please contact our Product Manager, Chris Thomson at (919) 653-4562. 
cc:       CT, AJF, GAT, MEH, project file (Kruger) 
 
 
Revision Date Process Eng. Comments 
0 04/05/2016 MEH Initial, budgetary proposal. 
We Know Water 
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I. Kruger Inc. (Kruger) is a water and wastewater solutions provider specializing in advanced and 
differentiating technologies.   Kruger provides complete processes and systems ranging from 
biological nutrient removal to mobile surface water treatment. The ACTIFLO® Microsand 
Ballasted Clarifier, BioCon® Dryer, BIOSTYR® Biological Aerated Filter (BAF) and NEOSEP™ 
MBR are just a few of the innovative technologies offered by Kruger. 
 
Kruger Inc. is a Veolia Water Solutions & Technologies’ (VWS) company providing innovative 
water and wastewater treatment solutions for the U.S. municipal market.  As a global company 
with 135 Business Units in 57 countries, Veolia Water with nearly 10,000 employees worldwide 
and with over 250 proprietary technologies is the world leader in water and wastewater treatment. 
 
Kruger delivers unequalled  Service to our customers delivering and creating  Value while being 
environmentally Responsible with a focus on safety.  Since 1986, Kruger has been providing 
leading edge technologies for biological wastewater treatment, High Rate Clarification for 
phosphorus removal and water treatment, filtration for TSS removal, water reuse and drinking 
water and Biosolids processing.  Based in Cary, North Carolina, Kruger’s 120 plus professionals 
are dedicated to providing the most technically sound solution to meet our customers’ needs while 
following our principles of SVR. 
 
Energy Focus 
 
Kruger, along with Veolia Water Solutions & Technologies (VWS) is dedicated to delivering 
sustainable and innovative technologies and solutions.   We offer our customers integrated 
solutions which include resource-efficient technology to improve operations, reduce costs, achieve 
sustainability goals, decrease dependency on limited resources, and comply with current and 
anticipated regulations. 
Veolia’s investments in R&D outpace that of our competition. Our focus is on delivering 
-    neutral or positive energy solutions 
-    migration towards green chemicals or zero chemical consumption 
-    water-footprint-efficient technologies with high recovery rates 
Our carbon footprint reduction program drives innovation, accelerates adoption and development 
of clean technologies, and offers our customers sustainable solutions. 
Kruger is benchmarking its technologies and solutions by working with our customers and 
performing total carbon cost analysis over the lifetime of the installation. 
By committing to the innovative development of clean and sustainable technologies and solutions 
worldwide, Kruger and VWS will continue to maximize the financial benefits for every customer.
Process Description 
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AnoxKaldnes MBBR 
 
The MBBR process is a continuous-flow, non-clogging biofilm reactor containing moving “carrier 
elements” or media. The media flows with the water currents in the reactor and does not require 
backwashing or cleaning. 
The biomass that treats the wastewater is attached to the surfaces of the media. The media is 
designed to provide a large protected surface area for the biofilm and optimal conditions for 
biological activity when suspended in water. AnoxKaldnes media is made from polyethylene and 
has a density slightly less then water. 
The ANITATM  Mox process is a single-stage nitrogen removal process based on the MBBR 
platform. The process is specifically designed for treatment of waste streams with high ammonia 
concentrations. The system can achieve ammonia removals of up to 80-90% and total nitrogen 
removals of up to 75-85%. The treatment method uses only 40% of the oxygen demand of 
conventional nitrification, and it requires no external carbon source. 
 
 
The ANITA Mox process consists of an aerobic nitritation reaction and an anoxic ammonia 
oxidation (anammox) reaction. The two steps take place simultaneously in different layers of the 
biofilm.   Nitritation occurs in the outer layer of the biofilm. Approximately 55% of the influent 
ammonia is oxidized to nitrite (NO2-). Anammox activity occurs in the inner layer. In this step, the 
nitrite produced and the remaining ammonia are utilized by the anammox bacteria and converted 
to nitrogen gas (N2) and a small amount of nitrate (NO3-).
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The aerobic and anoxic reactions occur in a single MBBR reactor. The combined biomass grows 
attached to the AnoxKaldnes media and is retained in the reactor by media screens. This biomass 
retention is an important characteristic of the system, since the anammox bacteria growth rate is 
very slow when compared to conventional wastewater bacteria growth rates.
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AnoxKaldnes ANITA™ Mox System Configuration 
 
Kruger proposes the ANITA™ Mox process for deammonification of centrate at the Old Mason 
Farm WWTP in Chapel Hill, NC. We recommend installing/constructing two (2) ANITA Mox MBBR 
process trains using our K5 media. Kruger understands that dewatering will occur only part of the 
year, and as a result the design of the ANITA Mox reactors incorporates a method for taking the 
tanks offline. This is accomplished in Alternative 1 by making the PLC, blowers and the majority 
of the piping fixed and having fabricated steel tanks which can be transported by flatbed semi- 
truck to another location. Alternative 2 is more permanent to the WWTP but a poly tank could still 
be used to haul media from one plant to another. This alternative reduces the amount of equipment 
and fits in a smaller footprint. Having the tanks buried will also help in maintaining a desirable 
temperature in the reactors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alternative 1: “Mobile” System                                      Alternative 2: “Stationary” System
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Kruger’s minimum scope of supply includes the AnoxKaldnes media, screen assemblies (to keep 
media in each reactor), medium bubble aeration grids, and submersible mixers.  In cases where 
they are needed, Kruger also provides the blowers, instrumentation and controls, SCADA, and 
field instruments (dissolved oxygen, nitrate, ammonia, etc.) for single-source responsibility. 
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Design Summary 
The design assumes that the side stream entering into the proposed ANITA Mox system contains 
no toxic compounds and has sufficient alkalinity and that none of the equipment provided would 
be used in a classified area (e.g. Class 1, Division 1 or Class 1, Division 2). 
The ANITA Mox influent design basis is summarized in Table 1. The target effluent criteria for the 
ANITA Mox system are listed in Table 2. The process design is summarized in Table 3. 
 
Table 1: Influent Design Basis 
 
Parameter Units Values 
Flow, Design MGD 0.0345 
BOD5, Design Flow mg/L 200 
COD, Design Flow mg/L 1,000 
TSS, Design Flow mg/L 700 
TKN, Design Flow mg/L 1,074 
NH4-N, Design Flow mg/L 1,000 
Alkalinity, Design Flow mg/L 4,000 
Elevation* ft 500 
Minimum Temperature* °C 30 
 
*Assumed values. 
 
Table 2: Expected Removals 
 
Parameter Units Anticipated % Removal* 
NH4-N (mg/L) % 80-85 
Total Inorganic Nitrogen (mg/L) % 75-80 
*Anticipated performance, not process guarantee values
  
52 
 
Table 3: Process Design Summary 
 
Parameter Units Alternative 1 Alternative 2 
Number of Process Trains - 2 2 
Dimensions (Each) ft 34 L × 8 W × 8 SWD 15 L x 14 W x 11 SWD 
Volume (Each) ft3 2,178 2,310 
Total Volume (All Reactors, All Trains) ft3 4,356 4,620 
Recommended Freeboard for all reactors ft 2 – 3 
Media Type: - K5 
Fill of Biofilm Carriers, All Reactors % 51 48 
Media Volume (All Reactors, All Trains) ft3 2,260 
Aeration System Type - Medium Bubble 
Residual DO, Max. Month mg/L 1.5 
Total Process Air Requirement SCFM 500 345 
Discharge Pressure (From Top of Drop Pipe) psi 3.0 5.0 
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Scope of Supply 
 
Kruger is pleased to present our scope of supply which includes process engineering design, 
equipment procurement, and field services required for the proposed treatment system, as related to 
the equipment specified. The work will be performed to Kruger's high standards under the direction 
of a Project Manager. All matters related to the design, installation, or performance of the system 
shall be communicated through the Kruger representative giving the Engineer and Owner ready 
access to Kruger's extensive capabilities. 
 
Process and Design Engineering 
 
Kruger will provide process engineering and design support for the system as follows: 
x Process Engineering consisting of aeration system sizing and configuration, sieve and 
outlet design. 
 
x Review and approval of P&I Diagram for the AnoxKaldnes ANITA Mox portion of the 
process. Preliminary General Arrangement Drawings and review and approval of final 
General Arrangement Drawings for the process. Review of reactor drawings with respect 
to penetrations and dimensions, excluding structural design. 
 
x     Equipment installation instructions for all equipment supplied by Kruger. 
Field Services 
Kruger will furnish a Service Engineer to perform the following tasks: 
 
x     Inspect installation of key pieces of equipment during construction. 
 
x     Inspect the completed system prior to startup. 
 
x     Assist the Contractor with initial startup of the system. 
 
x     Train the Owner’s staff in the proper operation and maintenance of the AnoxKaldnes 
ANITA Mox system. 
 
x     Test and start any Kruger-supplied control equipment, including PLC programming and 
SCADA systems
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AnoxKaldnes ANITA™ Mox System Equipment 
 
Mechanical 
Equipment Items 
 
Alt 1 
 
Alt 2 
 
Description 
AnoxKaldnes K5 
Media, (ft3) 
 
2,260 
 
2,260 
Carrier elements are made of high density polyethylene. The total media 
quantity will include a volume of ~5% seeded media. 
Cylindrical Screen 
Assemblies 
 
4 
 
4 
Two (2) per reactor. 304L SS. 19”ø perforated plate pipes terminated in 
ANSI flanges for mounting directly to the tank wall. 
Medium Bubble 
Aeration System 
 
6 
 
4 
Total number of air grids. 304L SS including header, lateral piping, and 
hardware (excluding concrete anchor bolts). 
Specially Designed 
Mechanical Mixers 
 
6 
 
2 
Total number of mixers. Three (3) per ANITA Mox Reactor in Alternative 1 
and one (1) per reactor in Alternative 2. 
 
Airlift Pump 
 
2 
 
2 
 
One (1) airlift pump per ANITA Mox reactor for foam suppression. 
Modulating Airflow 
Control Valves 
 
2 
 
2 
One (1) actuated BFV for each aerobic reactor. One (1) manual BFV for 
each air grid drop pipe is also provided. 
Modulating Influent 
Control Valves 
 
2 
 
2 
 
One (1) actuated BFV for each train. 
Positive Displacement 
Blowers 
 
1 + 1 
 
1 + 1 
One (1) duty plus one (1) standby. Each blower will be rated for 350 or 
500 SCFM and 20 NPHP at 4.0 or 6.0 psig differential pressure. 
 
Centrate Feed Pump 
 
1 + 1 
 
1 + 1 
 
One (1) duty plus one (1) standby to feed centrate from equalization tank. 
 
Fabricated Steel Tank 
 
2 
 
0 
Factory welded and installed on flatbed truck with flanged connections for 
air piping and effluent. 
 
Instrumentation and Controls 
Equipment Items 
 
Qty 
 
Description 
 
PLC Control Panel 
 
1 
NEMA 12 Freestanding or Wall Mount Control Panel (For Indoor 
Use). ControlLogix PLC; Panelview HMI; 120V Feed 
High Level Float Switch 2 One (1) for each media zone. 
DO Probe (LDO) 2 One (1) for each Aerobic zone. Aerobic Zone DO Monitoring 
pH meter 2 One (1) pH meter for each ANITA Mox reactor. 
Thermal Mass Flowmeter 2 One (1) for each ANITA Mox reactor for air flow control 
 
Magnetic Flowmeter 
 
2 
One (1) magnetic flow meter per reactor to measure influent 
flow. 
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Notes Regarding System Design and Installation 
 
x A  note  on  concrete  specifications:  For  any  MBBR  or  IFAS  system,  regardless  of 
manufacturer, it is sound practice to require good, quality concrete work for the process 
reactors. The Consulting Engineer’s standard concrete specification section is typically 
adequate to eliminate large holes, excessive form marks, large pockets, and excessively 
rough areas.  It is particularly important to eliminate the potential for annular space around 
media retention screens. 
x A note on construction sequencing: It is important, particularly for IFAS installations, to have 
level detection and level communication systems in place and operational prior to the filling 
of process tanks with water and media. 
 
Scope of Supply BY INSTALLER/PURCHASER 
 
The scope of supply by others for the AnoxKaldnes ANITA™ Mox system should include, but is 
not limited to, the following items: 
 
x    All civil/site and electrical work. 
x    A concrete foundation for the tanks. 
x    Reactors to house the MBBR treatment equipment. 
x    All provisions for interconnecting piping. 
x    Unloading, storage and installation of equipment. 
x Install and test all level floats, level transmitters, level alarms, and alarm communication 
devices prior to filling a process tank with media and water 
x    Centrate equalization tanks 
x    Cover for reactor tanks 
x    Temporary provisions for screened primary or secondary effluent during startup. 
x    Temporary reactor heating during startup. 
x    Mixer bridges and other structural modifications for the reactors. 
x    Video recording of any training activities. 
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Design Options 
 
In addition to the proposed system as detailed herein, Kruger is able to further incorporate our 
process and controls expertise into wastewater treatment plants, allowing municipalities to meet 
stringent effluent requirements and future plant upgrades.   Kruger is also able to offer our 
instrumentation and  controls  expertise  to  build  upon  the  proposed system  by  providing  a 
customized plant-wide SCADA system or designing a Motor Control Center (MCC), providing 
clients a single source responsibility for plant controls. Please contact Kruger if the options above 
are of interest or to be included in the current proposed system or future upgrades. **Please note 
that the design options listed above are not included in the pricing noted herein. 
Schedule 
 
x Shop drawings will be submitted within 6-8 weeks of receipt of an executed contract by all 
parties 
x All equipment will be delivered within 18-20 weeks after receipt of written approval of the 
shop drawings. 
x    Installation manuals will be furnished upon delivery of equipment. 
x Operation and Maintenance Manuals will be submitted within 90 days after receipt of 
approved shop drawings. 
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Pricing 
The prices for the AnoxKaldnes ANITA™ Mox system, as defined herein, including process and 
design engineering, field services, and equipment supply are: 
Alternative 1: $1,262,000 
Alternative 2: $718,000 
 
Pricing is FOB shipping point, with freight allowed to the job site. This pricing does not include any 
sales or use taxes. In addition, pricing is valid for ninety (90) days from the date of issue. 
 
Please note that the above pricing is expressly contingent upon the items in this proposal 
and are subject to I. Kruger Inc. Standard Terms of Sale detailed herein. 
 
Kruger Standard Terms of Payment 
 
The terms of payment are as follows: 
 
x    10% on receipt of fully executed contract 
x    15% on submittal of shop drawings 
x    75% on the delivery of equipment to the site 
 
Payment shall not be contingent upon receipt of funds by the Contractor from the Owner.  There 
shall be no retention in payments due to I. Kruger Inc. All other terms per our Standard Terms of 
Sale are attached. 
 
All payment terms are net 30 days from the date of invoice. Final payment not to exceed 120 days 
from delivery of equipment.
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I. Kruger Inc. Standard Terms of Sale 
 
1.     Applicable Terms.  These terms govern the purchase and sale of the equipment and related services, if any (collectively, "Equipment"), 
referred to in Seller’s purchase order, quotation, proposal or acknowledgment, as the case may be ("Seller’s Documentation"). Whether these 
terms are included in an offer or an acceptance by Seller, such offer or acceptance is conditioned on Buyer’s assent to these terms.  Seller 
rejects all additional or different terms in any of Buyer’s forms or documents. 
2.     Payment.  Buyer shall pay Seller the full purchase price as set forth in Seller’s Documentation. Unless Seller’s Documentation provides 
otherwise, freight, storage, insurance and all taxes, duties or other governmental charges relating to the Equipment shall be paid by Buyer.  If 
Seller is required to pay any such charges, Buyer shall immediately reimburse Seller.  All payments are due within 30 days after receipt of 
invoice. Buyer shall be charged the lower of 1 ½% interest per month or the maximum legal rate on all amounts not received by the due date 
and shall pay all of Seller’s reasonable costs (including attorneys’ fees) of collecting amounts due but unpaid.  All orders are subject to credit 
approval. 
3.     Delivery.   Delivery of the Equipment shall be in material compliance with the schedule in Seller’s Documentation.   Unless Seller’s 
Documentation provides otherwise, Delivery terms are F.O.B. Seller’s facility. 
4.     Ownership of Materials. All devices, designs (including drawings, plans and specifications), estimates, prices, notes, electronic data and 
other documents or information disclosed by Seller or prepared solely by Seller or Buyer or jointly by Seller and Buyer in connection with this 
Agreement, and all intellectual property rights therein, shall be and remain the confidential and proprietary property of Seller, whether or not 
patented by Seller (“Work Product”). Buyer hereby irrevocably assigns all rights in any Work Product to Seller.  Seller grants Buyer a non- 
exclusive, non-transferable (except to a successor-in interest to the ownership of the Equipment), paid-up license to use the Work Product 
solely in connection with Buyer’s use, operation, repair and maintenance of the Equipment at the Jobsite defined in this Agreement. Buyer may 
not disclose, share, transfer, or sell any such Work Product to third parties without Seller’s prior written consent and such consent may be 
arbitrarily withheld. Buyer agrees not to resell, transfer or give any of the biologically colonized media or bacteria from the system to any party 
other than Seller or any of Seller’s affiliates without the prior written consent of Seller for a period of fifteen (15) years from the effective date of 
this Agreement. Buyer shall not cultivate bacteria or use biomass carriers retrieved from the ANITA Mox system for any research or non- 
research purposes without prior written consent of the Seller. Any new developments, discoveries or inventions resulting from the operation of 
the ANITA Mox system in which the ANITA Mox process is a component or is in any way incorporated in whole or in part shall be owned solely 
by the Seller. 
5.     Changes.  Seller shall not implement any changes in the scope of work described in Seller’s Documentation unless Buyer and Seller 
agree in writing to the details of the change and any resulting price, schedule or other contractual modifications.  This includes any changes 
necessitated by a change in applicable law occurring after the effective date of any contract including these terms. 
6.     Warranty.  Subject to the following sentence, Seller warrants to Buyer that the Equipment shall materially conform to the description in 
Seller’s Documentation and shall be free from defects in material and workmanship. The foregoing warranty shall not apply to any Equipment 
that is specified or otherwise demanded by Buyer and is not manufactured or selected by Seller, as to which (i) Seller hereby assigns to Buyer, 
to the extent assignable, any warranties made to Seller and (ii) Seller shall have no other liability to Buyer under warranty, tort or any other 
legal theory.  If Buyer gives Seller prompt written notice of breach of this warranty within 18 months from delivery or 1 year from beneficial use, 
whichever occurs first (the "Warranty Period"), Seller shall, at its sole option and as Buyer’s sole remedy, repair or replace the subject parts or 
refund the purchase price therefore. If Seller determines that any claimed breach is not, in fact, covered by this warranty, Buyer shall pay Seller 
its then customary charges for any repair or replacement made by Seller.  Seller’s warranty is conditioned on Buyer’s (a) operating and 
maintaining the Equipment in accordance with Seller’s instructions, (b) not making any unauthorized repairs or alterations, and (c) not being in 
default of any payment obligation to Seller. Seller’s warranty does not cover damage caused by chemical action or abrasive material, misuse 
or improper installation (unless installed by Seller).   THE WARRANTIES SET FORTH IN THIS SECTION ARE SELLER’S SOLE AND 
EXCLUSIVE WARRANTIES AND ARE SUBJECT TO SECTION 10 BELOW.  SELLER MAKES NO OTHER WARRANTIES OF ANY KIND, 
EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR PURPOSE. 
7. Indemnity. Seller shall indemnify, defend and hold Buyer harmless from any claim, cause of action or liability incurred by Buyer as a result 
of third party claims for personal injury, death or damage to tangible property, to the extent caused by Seller's negligence.  Seller shall have 
the sole authority to direct the defense of and settle any indemnified claim. Seller’s indemnification is conditioned on Buyer (a) promptly, within 
the Warranty Period, notifying Seller of any claim, and (b) providing reasonable cooperation in the defense of any claim. 
8.     Force Majeure.  Neither Seller nor Buyer shall have any liability for any breach (except for breach of payment obligations) caused by 
extreme weather or other act of God, strike or other labor shortage or disturbance, fire, accident, war or civil disturbance, delay of carriers, 
failure of normal sources of supply, act of government or any other cause beyond such party's reasonable control. 
9.     Cancellation.  If Buyer cancels or suspends its order for any reason other than Seller’s breach, Buyer shall promptly pay Seller for work 
performed prior to cancellation or suspension and any other direct costs incurred by Seller as a result of such cancellation or suspension. 
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10.   LIMITATION OF LIABILITY. NOTWITHSTANDING ANYTHING ELSE TO THE CONTRARY, SELLER SHALL NOT BE LIABLE FOR ANY 
CONSEQUENTIAL, INCIDENTAL, SPECIAL, PUNITIVE OR OTHER INDIRECT DAMAGES, AND SELLER’S TOTAL LIABILITY ARISING AT 
ANY TIME FROM THE SALE OR USE OF THE EQUIPMENT SHALL NOT EXCEED THE PURCHASE PRICE PAID FOR THE EQUIPMENT. 
THESE LIMITATIONS APPLY WHETHER THE LIABILITY IS BASED ON CONTRACT, TORT, STRICT LIABILITY OR ANY OTHER THEORY. 
Miscellaneous. If these terms are issued in connection with a government contract, they shall be deemed to include those federal acquisition 
regulations that are required by law to be included. These terms, together with any quotation, purchase order or acknowledgement issued or 
signed by the Seller, comprise the complete and exclusive statement of the agreement between the parties (the “Agreement”) and supersede 
any terms contained in Buyer’s documents, unless separately signed by Seller. No part of the Agreement may be changed or cancelled except 
by a written document signed by Seller and Buyer. No course of dealing or performance, usage of trade or failure to enforce any term shall be 
used to modify the Agreement.  If any of these terms is unenforceable, such term shall be limited only to the extent necessary to make it 
enforceable, and all other terms shall remain in full force and effect. Buyer may not assign or permit any other transfer of the Agreement without 
Seller’s prior written consent. The Agreement shall be governed by the laws of the State of North Carolina without regard to its conflict of laws 
provision 
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